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ION SENSITIVE FIELD EFFECT TRANSISTOR AND FABRICATION 

METHOD OF THE SAME 

This application claims the benefit of Taiwan application Serial No. 
921 12763, filed May 09, 2003. 

BACKGROUND OF THE INVENTION 

Field of the Invention 

[0001] The invention relates in general to an ion sensitive field effect 
transistor (ISFET) and a fabrication method of the same, and more particularly 
to an ion sensitive field effect transistor (ISFET) having a 
non-single-crystal-silicon-base substrate and a fabrication method of the 
same. 

Description of the Related Art 

r 

[0002] Ion sensitive field effect transistor (ISFET) is a chemical sensor that 
combines principles of electrochemistry and microelectronics. It is provided 
for contact with a to-be-measured solution and measuring a concentration of a 
particular ion thereof. The ISFET is developed on the basis of metal oxide 
semiconductor field effect transistor (MOSFET) and by the enhancement of 
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the MOSFET. The difference between the ISFET and MOSFET is that a gate 
of the MOSFET is of metal gate, while the ISFET includes an ion sensitive 
gate for contact with a to-be-measured solution. An operation principle of the 
ISFET will be described in the later part. In addition, since the ISFET 
5 includes advantages of high input impedance, low output impedance, high 
response speed, and the like, and also the ISFET features that fabrication 
technique is compatible with the MOSFET, the ISFET is rich in incomparable 
development potential. 

[0003] FIG. 1 is a cross-sectional view showing a conventional ion 
10 sensitive field effect transistor. The ion sensitive field effect transistor (ISFET) 
100 includes a monocrystalline silicon substrate 102, a source 104, a drain 
106, a silicon oxide layer 108, a first metal electrode 110a, a second metal 
electrode 110b, a passivation layer 112, and an ion sensitive gate 113. The 
monocrystalline silicon substrate 102 is of lightly doped P-type (P-), and also 
15 the monocrystalline silicon substrate includes a front side of the substrate 
1 02a. A method of the ISFET 1 00 fabrication is as follows. After a 
predetermined doped-region of the front side of the substrate 102a is defined, 
a step of doping the monocrystalline silicon substrate 102 with N-type 
impurities from the front side of the substrate 102a forms the two separated 
20 source 104 and drain 106 of heavily doped N-type (N+) in the monocrystalline 
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silicon substrate 102. The source 104 and the drain 106 are not as thick as 
the monocrystalline silicon substrate 102. A predetermined channel region 
107 is formed in a region between the source 104 and the drain 106 in the 
monocrystalline silicon substrate 102, and also the predetermined channel 
5 region 107 is near the front side of the substrate 102a. In addition, a silicon 
oxide (Si0 2 ) layer 108 is formed on the front side of the substrate 102a, 
including a first contact hole 109a and a second contact hole 109b. 
Meanwhile, the first contact hole 109a and the second contact hole 109b 
partially expose the source 104 and the drain 106, respectively. 

10 [0004] The first metal electrode 110a and the second metal electrode 110b 
are electrically couple to the source 104 and the drain 106 by the first contact 
hole 109a and the second contact hole 109b, respectively. And also the 
silicon oxide layer 108 is partially covered by the first metal electrode 110a 
and the second metal electrode 110b. The passivation layer 112 includes an 

15 opening 114 for exposing the silicon oxide layer 108 above the predetermined 
channel region 107. The ion sensitive gate 113 is formed above the silicon 
oxide layer 108 in the opening 113, which is provided for sensing ion 
concentration of a to-be-measured solution contained in the opening 114. 

[0005] For example, when the opening 114 of the ISFET 100 is filled with a 
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to-be-measured solution 202 containing positively charged ions, as shown in 
FIG 2, the ion sensitive gate 113 will sense and measure the concentration of 
the positively charged ion in the solution 202, so that the ion sensitive gate 
113 generates an interface variation of electric potential. At this time, under 

5 a circumstance of supplying a voltage difference Vds to the source 104 and 
the drain 106, there is also an electric current Ids flowing between the first 
metal electrode 110a and the second metal electrode 110b. Therefore, when 
there is the higher concentration of the positively charged ions in the solution 
202, the ion sensitive gate 113 generates the more interface variation of 

10 electric potential. Comparatively, the electric current Ids flowing between the 
source 104 and the drain 106 would be larger. Consequently, the 
concentration of the positive ions in the to-be-measured solution 202 can be 
obtained. 

[0006] One thing to note is that due to a pn-junction between the source 
15 104 (N+), the drain 106 (N+), and the monocrystalline silicon substrate 102 
(P-), an electric leakage phenomenon will occur. Thus, the measured electric 
current flowing between the first metal electrode 110a and the second metal 
electrode 110b is bias and not a substantial electric current. Therefore, there 
is a measurement error and the concentration of the positive ions in the 
20 to-be-measured solution 202 cannot be truly obtained. In addition, the 
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monocrystalline silicon substrate 102 is very expensive, so as to increase a lot 
material cost. 

SUMMARY OF THE INVENTION 

[0007] In the light of the above-mentioned shortcomings, it is therefore an 
5 objective of the invention to provide an ion sensitive field effect transistor 
(ISFET) and a fabrication method of the same. A design of using a 
non-single-crystal silicon-base substrate can solve the conventional electric 
leakage phenomenon due to a pn-junction between the source (N+), the drain 
(N+), and the monocrystalline silicon substrate (P-). Besides, the 
10 non-single-crystal silicon-base substrate is not as expensive as the 

monocrystalline silicon substrate, as so to greatly reduce the material cost. 

[0008] According to an objective of the invention, an ion sensitive field 
effect transistor (ISFET) is provided including a non-single-crystal silicon-base 
substrate, a polysilicon layer, a source, a drain, an insulating layer, a first 
15 electrode, a second electrode, a passivation layer, and an ion sensitive gate. 
The polysilicon layer is formed above the non-single-crystal silicon-base 
substrate, the source and the drain are formed in the polysilicon layer, and a 
predetermined channel region is formed in the polysilicon layer between the 
source and the drain. The insulating layer with a first contact hole and a 
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second contact hole is formed above the polysilicon layer. The first electrode 
and the second electrode are electrically couple to the source and the drain by 
the first contact hole and the second contact hole, respectively. The 
passivation layer is formed above the insulating layer covering the first 
5 electrode and the second electrode. The passivation layer includes an 

opening, which partially exposes the insulating layer above the predetermined 
channel region. The ion sensitive gate is formed in the opening above the 
insulating layer. 

[0009] According to another objective of the invention, a fabrication method 
10 of an ion sensitive field effect transistor (ISFET) is provided. First of all, a 
non-single-crystal silicon-base substrate is provided. Subsequently, a 
polysilicon layer is formed above the non-single-crystal silicon-base substrate. 
Next, a source and a drain are formed in the polysilicon layer, with a 
predetermined channel region formed in the polysilicon layer between the 
15 source and the drain. And then, an insulating layer is formed above the 

polysilicon layer including a first contact hole and a second contact hole. The 
first contact hole and the second contact hole partially expose the source and 
the drain, respectively. Accordingly, a first electrode and a second electrode 
are formed. The first electrode and the second electrode are electrically 
20 coupled with the source and the drain by the first contact hole and the second 
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contact hole, respectively. And next, a passivation layer having an opening 
is formed above the insulating layer covering the first electrode and the 
second electrode, wherein the opening partially exposes the insulating layer 
above the predetermined channel region. Afterwards, an ion sensitive gate 
5 is formed in the opening above the insulating layer. 

[0010] In addition, the non-single-crystal silicon-base substrate can be a 
glass substrate, a plastic substrate, or an insulation substrate, and the 
insulating layer is a silicon oxide (Si02) layer. Moreover, the first electrode 
and the second electrode are two metal electrodes, and the passivation layer 
10 can be epoxy resin or other sealant resin substance. 

[00111 Other objects, features, and advantages of the invention will 
become apparent from the following detailed description of the preferred but 
non-limiting embodiments. The following description is made with reference 
to the accompanying drawings. 

15 BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] FIG. 1 (Prior Art) is a cross-sectional view showing a conventional 
ion sensitive field effect transistor (ISFET). 
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[0013] FIG. 2 (Prior Art) is a cross-sectional view showing a state of the 
conventional ion sensitive field effect transistor (ISFET) of the FIG 1 
measuring a positive ion concentration of a to-be-measured solution. 

[0014] FIG 3 is a schematic representation showing an ion sensitive field 
5 effect transistor (ISFET) of a preferred embodiment of the present invention. 

[0015] Figures 4Ato 4D are schematic representations showing processes 
of a fabrication method of an ion sensitive field effect transistor (ISFET) 
according to a preferred embodiment of the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

10 [0016] Accordingly, the invention particularly designs an ion sensitive field 
effect transistor (ISFET) and a fabrication method of the same by using a 
non-single-crystal silicon-base substrate. It solves the conventional electric 
leakage phenomenon due to a pn-junction between the source (N+), the drain 
(N+), and the monocrystalline silicon substrate (P-). In addition, the 

15 non-single-crystal silicon-base substrate is not as expensive as the 

monocrystalline silicon substrate, as so to greatly reduce the cost of the 
material. 
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[0017] FIG 3 is a schematic representation showing an ion sensitive field 
effect transistor (ISFET) of a preferred embodiment of the present invention. 
The ion sensitive field effect transistor (ISFET) 300 in FIG. 3 includes a 
non-single-crystal silicon-base substrate 302, a polysilicon layer 303, a source 
5 304, a drain 306, an insulating layer 308, a first electrode 310a, a second 
electrode 310b, a passivation layer 312, and an ion sensitive gate 313. The 
polysilicon layer 303 is formed above the non-single-crystal silicon-base 
substrate 302, the source 304 and the drain 306 are formed in the polysilicon 
layer 303, and a predetermined channel region 307 is formed in the 
10 polysilicon layer 303 between the source 304 and the drain 306. The 

insulating layer 308 is formed above the polysilicon layer 303 and has a first 
contact hole 309a and a second contact hole 309b. 

[0018] The first electrode 310a and the second electrode 310b are 
electrically coupled to the source 304 and the drain 306 by the first contact 

15 hole 309a and the second contact hole 309b, respectively. And also the 
insulating layer 308 is partially covered by the first electrode 310a and the 
second electrode 310b. The passivation layer 312 is formed above the 
insulating layer 308 and covers the first electrode 310a and the second 
electrode 310b. The passivation layer 312 includes an opening 314, which 

20 partially exposes the insulating layer 308 above the predetermined channel 
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region 307. The ion sensitive gate 313 is formed in the opening 314 above 
the insulating layer 308. The ion sensitive gate 313 serves to sense the ion 
concentration of the solution in the opening 314. 

[0019] Figures 4A to 4D are schematic representations showing processes 

5 of a fabrication method of an ion sensitive field effect transistor (ISFET) 
according to a preferred embodiment of the present invention. First of all, 
referring to FIG. 4A, the non-single-crystal silicon-base substrate 302 is 
provided and also the polysilicon layer 303 is formed above the 
non-single-crystal silicon-base substrate 302. Subsequently, a front side of 

10 the polysilicon layer 303 is defined so as to form a first predetermined 

doped-region 404a and a second predetermined doped-region 406a. And 
then the first predetermined doped-region 404a and the second 
predetermined doped-region 406a are doped, so that the source 304 and the 
drain 306 are formed correspondingly in the polysilicon layer 303. The 

15 predetermined channel region 307 is formed in a region between the source 
304 and the drain 306 in the polysilicon layer 303, as shown in FIG. 4B. 
Referring to FIG. 4B, the insulating layer 308 is formed above the polysilicon 
layer 303 and has a first contact hole 309a and a second contact hole 309b. 
The first contact hole 309a and the second contact hole 309b expose a part of 

20 the source 304 and the drain 306, respectively. 
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[0020] Accordingly, the first electrode 310a and the second electrode 31 Ob 
are formed. The first electrode 310a and the second electrode 310b are 
electrically coupled to the source 304 and the drain 306 by the first contact 
hole 309a and the second contact hole 309b, respectively. And also the 

5 insulating layer 308 is partially covered by the first electrode 310a and the 
second electrode 310b, as shown in FIG 4C. And then, the passivation layer 
312 with the opening 314 is formed above the insulating layer 308 and covers 
the first electrode 310a and the second electrode 310b. The opening 314 
exposes a part of the surface of the insulating layer 308 above the 

10 predetermined channel region 307. And next, the ion sensitive gate 313 is 
formed in the opening 314 above the insulating layer 308, as shown in FIG. 
4D, so as to obtain the ion sensitive field effect transistor (ISFET) 300 of the 
present invention accordingly. 

[0021] While the invention has been described by way of example and in 
15 terms of a preferred embodiment, it is to be understood that the technique of 
the invention is not limited thereto. For example, the non-single-crystal 
silicon-base substrate 302 can be a glass substrate, a plastic substrate, or an 
insulation substrate, and the insulating layer 308 is a silicon oxide (Si0 2 ) layer 
or other insulating substance. Moreover, the first electrode 310a and the 
20 second electrode 301b are two metal electrodes, and the passivation layer 
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312 can be epoxy resin or other sealant resin substance. Further, the source 
304 and the drain 306 can be heavily doped as N-type (N+), while the 
polysilicon layer 303 can be lightly doped as P-type (P-). 

[0022] Accordingly, the ion sensitive field effect transistor (ISFET) and the 
5 fabrication method thereof of the preferred embodiment of the invention as 
disclosed above by using a non-single-crystal silicon-base substrate is 
provided. It can solve the conventional electric leakage phenomenon due to 
a pn-junction between the source (N+), the drain (N+), and the 
monocrystalline silicon substrate (P-). In addition, the non-single-crystal 
10 silicon-base substrate is not as expensive as the monocrystalline silicon 
substrate, as so to greatly reduce the material cost. 

[0023] While the invention has been described by way of example and in 
terms of a preferred embodiment, it is to be understood that the invention is 
not limited thereto. On the contrary, it is intended to cover various 
15 modifications and similar arrangements and procedures, and the scope of the 
appended claims therefore should be accorded the broadest interpretation so 
as to encompass all such modifications and similar arrangements and 
procedures. 



